INTRODUCTION {#sec1-1}
============

Nephrotoxicity is a major complication characterized by morphological destruction of intracellular organelles, cellular necrosis, loss of microvilli, alterations in the number and size of the lysosomes and mitochondrial vacuolization, followed by functional alterations including inhibition of protein synthesis, reduced glutathione (GSH) depletion, lipid peroxidation (LPO) and mitochondrial damage.\[[@ref1]\] Oxidative damage is thought to be one of the main mechanisms involved in nearly all chronic renal pathologies.\[[@ref2]\]

Nitrobenzene induces tumorigenicity in liver, kidney, thyroid, alveola and mammary gland. It causes functional and morphological changes in the cell membrane, leading to the accumulation of lipid derived oxidants causing liver injury and also induces nephrotoxicity.\[[@ref3]\] Nitrobenzene is considered a hazardous air pollutant and has proven to be an animal carcinogen. It is classified as a group B2 chemical according to the 1986 Cancer guidelines,\[[@ref4]\] that is, a likely human carcinogen. Metabolism of nitrobenzene produces intermediates such as nitrosobenzene and phenyl hydroxylamine that play an important role in the process of nitrobenzene carcinogenesis.\[[@ref5]\]

Several animal models have been used to study the possible role of antioxidants of natural origin in alternative drug-induced nephropathy and other renal diseases. Studies are going on throughout the world for the search of protective molecules that would provide maximum protection to the liver, kidney as well as other organs and that would practically exert very little or no side effects during their function in the body.\[[@ref6][@ref7]\] A number of herbs are traditionally used in different countries for treating drug- or toxin-induced hepatic and renal disorders.\[[@ref8]\] Many herbs and medicinal plants are rich natural sources of antioxidants.\[[@ref9]\] The fact that antioxidants have several preventative effects against different diseases, such as cancer, coronary diseases, inflammatory disorders, neurologic degeneration, and aging, has led to a search for foods rich in antioxidants.\[[@ref10]\]

According to World Health Organization (WHO), because of poverty and lack of access to modern medicine, about 65--80% of the world\'s population living in developing countries depends essentially on plants for primary health care.\[[@ref11]\] Drug of plant origin is known to play a vital role in the management of kidney diseases\[[@ref12]\] and as a source of safe antioxidants. Kidney failure shall be managed by similar means of non-pharmacological and pharmacological therapeutic interventions.\[[@ref13]\]

*Euphorbia hirta* is frequently seen growing in open waste spaces, grasslands, roadsides and pathways. It is slender-stemmed, annual, hairy plant with many branches from the base to top, spreading up to 40 cm in height, and is reddish or purplish in color. It is widely used to treat a variety of disease conditions including asthma, boils, sores, skin and wound infections.\[[@ref14]\] In addition, it has been used as antispasmodic, antipruritic, carminative, depurative, diuretic, febrifuge, galactogogue, pugative and vermifuge.\[[@ref15]\] The aqueous extract of *E. hirta* showed an antioxidant effect and a free radical scavenging activity.\[[@ref16]\] Earlier studies reported that the extract of *E. hirta* contains tannins, flavonoids and alkaloids.\[[@ref17]\] Afzelin (I), quercitrin (II), and myricitrin (III) have been isolated from the methanol extract of *E. hirta*.\[[@ref18]\] Various phytochemicals reported in *E. hirta* are ellagic, gallic, chlorogenic and caffeic acid, kaempferol, quercitol, quercitrin and a number of amino acids.\[[@ref19]\] Recently, it has been reported that the ethylacetate fraction of *E. hirta* has a protective effect against ethanol-induced gastric ulcer.\[[@ref20]\] With this background, the present study was designed to investigate the nephroprotective efficacy of the whole plant of *E. hirta*.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant Collection {#sec2-1}
----------------

The whole plant of *E. hirta* (Linn.) (Family: Euphorbiaceae) in the blossomed stage was collected in the month of December 2008 from Pollachi, Tamil Nadu, India. The plant was authenticated by Dr. G. V. S. Moorthy, Botanical Survey of India, TNAU campus, Coimbatore, with the voucher number BSI/SC/5/23/8-9/Tech/766. Fresh plant material was washed under running tap water, air-dried, finely powdered and stored in airtight bottles.

Chemicals {#sec2-2}
---------

Nitrobenzene was purchased from E. Merck Limited (Mumbai, India). 5,5′-Dithio-bis(2-nitrobenzoic acid) (DTNB), 1-chloro-2,4-dinitrobenzene (CDNB), 2,4-dinitrophenylhydrazine (DNPH), epinephrine, and GSH were obtained from Sisco Laboratories, Mumbai, India. All other chemicals used were of analytical grade.

Preparation of Different Plant Extracts {#sec2-3}
---------------------------------------

About 50 g of the powdered plant material *E. hirta* was extracted with 250 ml petroleum ether, chloroform, ethyl acetate, ethanol, and water by using a separating funnel with occasional shaking for 48 hours. The extract was filtered using Whatman No. 1 filter paper and the supernatant was evaporated using rotary evaporator at 45°C. Each time before extracting with the next solvent, the supernatant was filtered and the residue was dried thoroughly to remove the solvent used.\[[@ref21]\] Phytochemical screening of the ethanol extract indicates the presence of alkaloids, steroids, tannins and flavonoids, and it also shows the high percentage of yield (10.18%) than the other extracts and thus it is chosen for the present study. The yield of the various extracts is given in [Table 1](#T1){ref-type="table"}. The ethanol extract was dissolved in 0.5 ml of distilled water and administered orally by gavage to animals.

###### 

Percentage of yield of various extracts of *Euphorbia hirta*

![](PR-3-201-g001)

Phytochemical Analysis {#sec2-4}
----------------------

Preliminary phytochemical analysis of various extracts was performed to identify various phytoconstituents.\[[@ref22]\] Results of phytochemical screening are shown in [Table 2](#T2){ref-type="table"}.

###### 

Phytochemical screening of *Euphorbia hirta*

![](PR-3-201-g002)

Animals Used {#sec2-5}
------------

Female albino rats of Wistar strain weighing between 140 and 160 g were obtained from Animal house of Karpagam University, Coimbatore. The animals were housed in large spacious cages and were given food and water *ad libitum* during the course of the experiment. The animal room was well ventilated and the animals had a 10 ± 1 hour night schedule throughout the experimental period. The study was approved by Institutional Animal Ethical Committee (IAEC) constituted for the purpose of CPCSEA, Government of India.

Experimental Design {#sec2-6}
-------------------

The animals were divided into four groups of six rats each. The grouping is as follows.

Group I: Control animals treated with distilled water and kept as normal; group II: nephrotoxicity was induced in Wistar albino rats by oral administration of nitrobenzene (E. Merck) (1000 mg/kg body weight) in normal saline as vehicle (0.89% sodium chloride) at a single dose and this dose is known to cause nephrotoxicity in rats;\[[@ref3]\] group III: nitrobenzene-administered animals treated with ethanol extract of *E. hirta* (400 mg/kg body wt) in distilled water as vehicle orally for a period of 7 days; group IV: *E. hirta* ethanol extract treated animals (400 mg/kg body wt).

After the experimental period of 7 days, the animals were sacrificed under light chloroform anesthesia. The kidneys were excised immediately, cleaned free of extraneous material, homogenized in chilled Tris buffer (10 mM, pH 7.4), centrifuged and the supernatant was used for the antioxidant studies. A portion of kidney tissues which was immediately stored in 10% formalin was used for the histopathologic studies.

Determination of Tissue Protein {#sec2-7}
-------------------------------

Protein was estimated was by method of Folin--Lowry.\[[@ref23]\] The blue color developed by reduction of the phosphomolybdic--phosphotungstic components of Folin-Ciocalteau reagent by the amino acids tyrosine and tryptophan present in protein plus the color developed by biuret reaction of the protein with alkaline cupric tartarate are measured in Lowry\'s method.

Lipid Peroxidation {#sec2-8}
------------------

LPO was assayed by the method of Hogberg *et al*.\[[@ref24]\] Malondialdehyde (MDA) has been identified as the product of LPO that reacts with thiobarbituric acid to give a red color. The amount of MDA formed in each of the samples was assessed by measuring the optical density of the supernatant at 535 nm against a blank that contained the entire reagent without the sample. The results were expressed as nmoles of MDA formed/mg protein.

Determination of Enzymatic Renal Antioxidants {#sec2-9}
---------------------------------------------

Superoxide dismutase (SOD) was assayed in the tissue supernatant by the method of Misra and Fridovich\[[@ref25]\] based on the oxidation of epinephrine to adenochrome transition by the enzyme SOD. SOD activity was recorded at 480 nm and expressed as units/mg protein. One unit of enzyme was defined as the amount of enzyme giving a change in optical density/minute at 50% inhibition of epinephrine to adenochrome transition. Catalase (CAT) activity was assayed in the tissue supernatant by the method of Lueck.\[[@ref26]\] It causes rapid decomposition of hydrogen peroxide to water. The green color developed was read at 570 nm using a photochem colorimeter. CAT activity was expressed as μmoles of H~2~O~2~ consumed/min/mg protein under incubation conditions. Glutathione peroxidase (GPx) activity was assayed in the tissue supernatant by the method of Rotruck *et al*.\[[@ref27]\] This procedure is based on the reaction between leftover glutathione in the following reaction with the DTNB to form a compound which absorbs maximally at 420 nm and measured using a photo-colorimeter. Graded concentrations of the standard were also treated similarly. GPx activity was expressed as μg of glutathione utilized min/mg protein under incubation conditions. Glutathione-*S*-transferase (GST) activity was assayed by the method of Habig *et al*.\[[@ref28]\] GST catalyzes the reaction of CDNB with sulfhydryl group of glutathione. The conjugate, CDNB--glutathione, absorbs light at 340 nm and was calculated as nmol CDNB conjugate formed/min/mg protein.

Determination of Non-Enzymatic Renal Antioxidants {#sec2-10}
-------------------------------------------------

GSH content in the tissue supernatant was measured following the method described by Moran *et al*.\[[@ref29]\] GSH is measured by its reaction with DTNB (Ellman\'s reaction) to give a compound that absorbs at 420 nm. The amount of glutathione was expressed as mg of GSH/mg protein. Total thiol in the tissue homogenate was measured using DTNB as the coloring agent, as described by Sedlack and Lindsay.\[[@ref30]\] The yellow color developed was read immediately at 412 nm in a spectrophotometer. The total thiol content was calculated by using a molar extinction co-efficient of 13.6 × 10^3^/M/cm. Vitamin C content was assayed in the tissue homogenate by the method of Omaye *et al*.\[[@ref31]\] Vitamin C is oxidized by copper to form dehydroascorbic acid and diketoglutaric acid. These products are treated with DNPH to form the derivative of bis(2,4-dinitrophenylhydrazine). The color developed was read at 520 nm using a photochem colorimeter. Vitamin C level was expressed as mg/g tissue.

Histopathologic Analysis {#sec2-11}
------------------------

The renal tissues were fixed in 10% formalin immediately after removal from the animal to avoid decomposition. Blocks from tissues were routinely processed and embedded in paraffin. Thin sections were cut using rotary microtome and stained with hematoxylin and eosin for histomorphology evaluation.

Statistical Analysis {#sec2-12}
--------------------

The results obtained were expressed as mean ± SD. The statistical comparisons among the groups were performed with Student\'s *t*-test using a Statistical Package Program (SPSS 10.0 for Windows) at *P* \< 0.05 and *P* \< 0.01 levels.

RESULTS {#sec1-3}
=======

Effect of *E. hirta* extract on lipid peroxidation {#sec2-13}
--------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the level of MDA in the kidney homogenates of group I, II, III and IV animals. The MDA levels in nitrobenzene-induced group (group II) were found to be significantly (*P* \< 0.01) elevated compared to the normal animals (group I). Group III animals treated with the ethanol extract of *E. hirta* showed significant (*P* \< 0.01) reduction in MDA level. MDA level in ethanol extract alone treated animals (group IV) was almost close to normal animals (group I).

Effect of *E. hirta* Extract on Antioxidant Status {#sec2-14}
--------------------------------------------------

### Effect on enzymatic antioxidants {#sec3-1}

The activities of enzymatic antioxidants in the kidney homogenates of all the groups of animals are shown in [Table 3](#T3){ref-type="table"}. The SOD activity in nitrobenzene-induced group (group II) was significantly (*P* \< 0.01) reduced compared to normal animals (group I). Treatment with the ethanol extract of *E. hirta* (group III) showed a significant (*P* \< 0.01) increase in SOD activity compared to nitrobenzene-induced group (group II). The activity of CAT in nitrobenzene-induced group (group II) was significantly (*P* \< 0.01) decreased when compared to normal group (group I). Treatment with the ethanol extract of *E. hirta* (group III) significantly (*P* \< 0.01) prevented the decrease in the activity of CAT compared with the nitrobenzene-induced group (group II). The decreased GPx activity as a result of treatment with nitrobenzene (group II) was also restored by the ethanol extract of *E. hirta* (group III) as compared with the normal animals (group I). Likewise, the nitrobenzene treatment significantly (*P* \< 0.01) diminished the levels of GST. Treatment with the ethanol extract of *E. hirta* (group III) resulted in a significant (*P* \< 0.01) recovery of the reduced levels of GST. The enzymatic antioxidant activity in the ethanol extract alone treated group (group IV) was almost close to that of normal animals (group I) and there was no significant difference.

###### 

The concentration of protein, lipid peroxidation and antioxidant enzymes in kidney of control and experimental groups

![](PR-3-201-g003)

### Effect on non-enzymatic antioxidants {#sec3-2}

GSH, total thiols and vitamin C levels of nitrobenzene-induced and ethanol extract treated groups (group II and group III) are shown in [Table 4](#T4){ref-type="table"}. The levels of GSH, total thiols and vitamin C were significantly (*P* \< 0.01) decreased in the nitrobenzene-induced group (group II) as compared to the normal group (group I). On treatment with the ethanol extract of *E. hirta* (group III), GSH, total thiols and vitamin C levels were found to be enhanced significantly (*P* \< 0.01). There was no significant difference between the ethanol extract alone treated group (group IV) and normal group (group I)

###### 

The concentration of non-enzymatic antioxidants in kidney of control and experimental groups

![](PR-3-201-g004)

Histopathology {#sec2-15}
--------------

Histopathologic studies also provided a supportive evidence for biochemical analysis. In case of control (group I), the kidney section showed normal glomeruli, Bowman\'s tubules and blood vessels. The kidney section of the animals induced with nitrobenzene (group II) showed glomerular degeneration with loss of surrounding Bowman\'s capsule and tubular necrosis. Treatment with the ethanol extract of *E. hirta* (group III) showed a glomerulus with an intact Bowman\'s capsule, and all the renal cells which were damaged due to nitrobenzene appeared to be regenerated and almost showed normal histology. The kidney section of the animals that received the ethanol extract of *E. hirta* alone (group IV) showed normal morphology \[[Figure 1](#F1){ref-type="fig"}\].

![Histopathology of kidney. (a) Kidney section of the normal rat (group I) showing normal tubular brush borders and intact glomerulus and surrounding Bowman\'s capsule; (b) kidney section of the rat induced with nitrobenzene (group II) showing a glomerulus with loss of surrounding Bowman\'s capsule and tubular necrosis with swelling and vacuolation; (c) kidney section of the rat induced with nitrobenzene and treated with ethanol extract of *Euphorbia hirta* (group III) showing a glomerulus with an intact Bowman\'s capsule and mildly swollen tubules and almost showing normal morphology; (d) kidney section of rat treated with extract alone showing normal glomerulus and Bowman\'s capsule](PR-3-201-g005){#F1}

DISCUSSION {#sec1-4}
==========

Blood urea nitrogen (BUN), serum urea, uric acid and creatinine are considered as the indicators of kidney damage, and their abnormal levels indicate marked renal injury. In our previous basic study, nitrobenzene induction produced an elevation in the concentrations of BUN, serum urea, and creatinine and significant reduction in the level of uric acid. Treatment with *E. hirta* significantly restored the levels to normalcy.\[[@ref32]\] In the present study, nitrobenzene increased the level of renal tissue MDA production, which suggested involvement of free radicals in nitrobenzene-induced nephrotoxicity. Nitrobenzene produces a number of free radicals during its reactive metabolism in the gut as well as at the cellular level and generates superoxide anion as a by-product during oxidative metabolism. The reactive species generated during nitrobenzene metabolism are considered candidates for carcinogenicity. Furthermore, several lines of evidence suggest that nitrobenzene exerts its carcinogenicity through a non-DNA reactive (epigenetic) fashion, such as a strong temporal relationship between non-, pre- and neoplastic lesions leading to carcinogenesis.\[[@ref33]\]

The elevated levels of LPO in nitrobenzene-induced animals might be due to the renal damage caused by nitrobenzene-induced free radical generation. LPO, an index of oxidative stress, leads to deterioration of biological system\[[@ref34]\] and is ascribed to a free radical mediated chain reaction that damages cell membrane and implicates renal oxidative stress.\[[@ref35]\] Oxidative stress is believed to be a primary factor in various diseases.\[[@ref36]\] Oxidative stress could also be involved in other inflammatory glomerular lesions caused by a series of mediators including cytokines and chemokines, which leads to leukocyte activation, production of reactive oxygen species (ROS) and increased glomerular damage.\[[@ref37]\] Different studies have shown that free radicals are responsible for oxidative damage to different molecules (lipids, proteins, nucleic acid) and thus are involved in the initiation phase of some degenerative illnesses.\[[@ref38]\] The elevated level of lipid peroxides in nitrobenzene-induced group would be a transient phenomenon of cellular damage.\[[@ref39]\] In animals treated with ethanol extract of *E. hirta*, the rise in lipid peroxides was prevented significantly. The decrease in lipid peroxides may be due to the antioxidant effect of the extract.

The generation of ROS in kidney has been proposed as a mechanism by which many chemicals can induce nephrotoxicity.\[[@ref40]\] The ROS generation in tissues is efficiently scavenged by the enzymatic and non-enzymatic antioxidants. The decrease in the activities of antioxidant enzymes is in close relationship with the induction of LPO.\[[@ref41]\] Thus, the mechanism of nephrotoxicity is related to the depletion of the antioxidant defense system.\[[@ref1]\] The reduced activity of SOD, CAT, GPx and GST could be due to enhanced LPO or inactivation of the antioxidative enzymes.\[[@ref42]\] The present work confirms that the observed decrease in the antioxidant activity was presumably associated with the increased LPO and oxidative stress caused by nitrobenzene. The ethanol extract administration restored the depleted renal antioxidants. This recovery to near normalcy reveals that oxidative stress induced by nitrobenzene has been nullified due to the antioxidant potential effect of *E. hirta*.

The antioxidant activity may be due to the inhibition of the formation of radicals or scavenging of the formed radical.\[[@ref43]\] Supplementation of plant material improves all these parameters. Similar results have been reported by a number of investigators.\[[@ref44][@ref45]\] The biochemical findings were also supported by the histopathologic studies which showed a glomerulus with loss of surrounding Bowman\'s capsule and diffuse tubular necrosis in the renal section of rats induced with nitrobenzene. These histopathologic changes almost disappeared in the renal tissue of rats treated with the ethanol extract of *E. hirta*. Numerous studies have also shown that medicinal plants protect the kidney against nephrotoxicity induced by various chemicals.\[[@ref46][@ref47]\] Thus, the ethanol extract of *E. hirta* at a dosage of 400 mg/kg body weight showed a significant change against nitrobenzene-induced nephrotoxicity. Preliminary phytochemical screening of the ethanol extract of *E. hirta* showed a higher concentration of flavonoid. Literature has shown medicinal plants with nephroprotective properties to mediate their protection via antioxidant and/or free radical scavenging activities due to the high concentration of flavonoids and alkaloids that they contain.\[[@ref48][@ref49]\] Thus, in the present study, nephroprotection offered by the ethanol extract of *E. hirta* could be due to the presence of higher concentration of flavonoids present in it.

CONCLUSION {#sec1-5}
==========

Thus, the results of this investigation suggest that the ethanol extract of *E. hirta* can prevent the toxic effects of nitrobenzene and can be used in the treatment of nephrotoxicity. The protective action of the ethanol extract of *E. hirta* was probably due its antioxidant nature which protects the kidney against nephrotoxicity induced by nitrobenzene.
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